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(57) Abstract: A method for ion beam fine patterning of an inorganic multilayer resist, which comprises forming, on the surface of a 
semiconductor substrate(X), an inorganic material (Y) layer capable of forming a thermally and chemically stable oxidized film layer 
preventing the oxidation of the substrate(X) and, forming, on the surface of the inorganic material(Y) layer, an inorganic material (Z) 
layer capable of forming a thermally unstable natural oxidation film preventing the oxidation of the inorganic material (Y) layer and 
a forced oxidation film which is weaker than the above (Y) layer but is chemically stable, implanting a metal ion in the presence of a 
naturally formed oxidized surface film being formed on the surface of the (Z) layer or under the irradiation of molecular oxygen, to 
thereby selectively substitute a stable forced oxidized film (Z') layer for the above naturally formed oxidized surface film, increasing 
the amount of the ion implanted, to form a thermally and chemically stable oxidized film (Y') layer on the above (Y) layer through 
propagation of an O ion from the above naturally oxidized film or the above forced oxidized film (Z') layer and through sputtering of 
(Z)layer, and then subjecting the surface of the above substrate (X) to a dry etching with good accuracy using a reactive etching gas, 
to thereby remove the above surface oxidized film exclusive of the part substituted with the above forced oxidized film (Z') layer or 
the above oxidized film (Y') layer, the (Z) layer, the (Y) layer and a part of the substrate(X). 



WO 03/054945 Al llllllllllllllllllllllllllllllllllllllllllll 



(57) 



WO 03/054945 



PCT/JP02/12919 



m m m 

5 

*3SKfi. Si, SiC, GaAs^tfIn,Gai x As,Pi^ 
A 1 x G a i x A s y ?i y m<DmWM&**bt£%^m>teWRim^ <D4* 

m% l # jfe v ^ t> cd m o x *3 & , if l v n^chbap n^m commmmts 



l 



WO 03/054945 



PCT/JP02/12919 



^fciii&kavCV^o i©K7^^-yfy^t jgiSeK^f^ttitfcW 

10 m^^fifcLTW£V^iOS|^lt tffcSo tb"C, GaAs^tfG 
a x I n 1 _ X A s y P!_ y ^G a X A 1 !_ X A s y P ^^©ft^Wf ft 

15 0iJx.f^ G a A s (iS i tfcb^I^©$lS^^§ < , Si i?)ifi 

20 v-^H^iii&if i UT, ^•T-H^t^^rv'^/^S (Molecular Beam 
Epitaxy : SIT, MBE£:V^o) ^H^JK^tBEfcft (Metal 

Organic Chemical Vapor Deposition : &<T, MOCVD^^c) i£ 

^w-cdt 2 ^ t ut commm&m ut # t v ^ § „ 



2 



WO 03/054945 



PCT/JP02/12919 



oiy^^^i-S^8feSrM3SU 'WIS 1 ! 2 8 - 3 2 1 4 8 3^$rcM 

La»ufca*e>. g a a s «ii® Kilts &< @B-'^-y^t 

10 Jsfc, Si^GaAsSfetffillli, SttS i0 2 , As 2 0 3 , A 

s 2 o N g a o m<Dmmmikmmm £ tu-c *s . K7>f^yf^ 
eAjboMa/fejcM^^^^^ito-cfc?)^ si, s i c 

15 ^G a A s ^<^«#3|Sf^b^a#®K«<Z)^®l^km^^^I^*-r 

&<d K^-r ^ y^ym-r* ? r^<, &st&*ma> b & 

§ #Ji , ft^f* ^ * ^ Ji v n b ft § lilffl ft 2 &tg& t>* 3 ?k 

© m * - ^ «r^i- 5 >r v tr- a m & Sr »-r s n 

20 i^l^ttSo 



3 



WO 03/054945 



PCT/JP02/12919 



&f&X% 5 Z m ZMtft L fctfe, KrlB Z Jf &j5 tz: g $ 

f*f&iB^M^mz'^^&^o^^^^«is.t>*zs«D^^5/^ y > 
si y^^^ u smKfw'tt^bitz'jixtfeffflBii^jRY'ji ^g&ufcjp 

fet>©tfe2)^t^ LV\, MBE^C VD^i: X^Xm^tl 
B E^CVD^t«$tlfetOT*fc5ifc^lff bV>„ MB Eife 

25 ^^y^ U ^^^.toTY^ffi^b^W^^^^feS^il^BlY' 
JlSrff^U ^£^<Z)^fim Zf, Ye^Ll^S^X©— gfl^l 0" 



4 



WO 03/054945 



PCT/JP02/12919 



8 P afiATSft©«EETH:*3V^, K9-fx y f-^UT, rt^tofcg? 

o 

5 ^SftX i ^siit^t tttt, Si, Si 

C. G a A s &-#TtpG a x I n X _ X A s y P x _ y ^G a X A 1 X _ X A s y P 

A s Srg-tfG a X A 1 2 _ X A s y P 1 . y ^5fc5 0 $ Yjf^Stffi 
10 ^M^tlSZltL-Cft, X^/L^t* S iJP^K GaAs^tf 
Ga x I n^ASjPj^mS. 

Stria z s©ff ^.*r«g#i-5 n £ ^ <t o xftrlBYM^W^jES $ ^6 Sir 

IB8MbK Y'Jl © % $ SrfMflrr 5 o £> 5 „ 
15 MMTOZJlte, MBES^CVDS(aoTM$tl§r 

25 YJBftffiJc^^ftSSMtWEY'JiO^ctSft-flilfll-t-Siii: 



5 



WO 03/054945 



PCT/JP02/12919 



itufB^JStt^^^'^^s AsBr. A s B r 2 . AsBr 3 £r J£ 
S i l>^^— Sfeftffii-A 1 gSrT^&U $b^s iAlI»S 

<t=>&frK£v. mmmmsmmim*mnm^mm4kms i x o y ^ 

M^^^tT^&^s^^u tt^eMJ^HbJSls i x O 

\Z. J; ^ ffrfSA 1 ScD— £B^A 1 ^.O^^^^-^feifts TtufBS i 

SulBM^bflls i x o y WA l x o y ^gmbfc^^ 



6 



WO 03/054945 



PCT/JP02/12919 



—mm<D— §p & Bfcfe-r § t © -e & s . 

S i !)x/N-HiSt N All^ ^KO»Si W 

^ s^® ^ @ ^ § fix v^ s *® g mmfcWk<Djfi£x nmm^ 

10 ^tL-CV^5«ffig^{b^^^^^^^^7tC^jlS i 0 2 fr' 

a i mmm^it^m^^A i x o y , Ai 2 o 3 ^^^tt 
s 0 ^tlt, -^^^ ^i^^bfcm, s i v *.^-mmmmtej&}&£ti 

15 f:S i0 2 , Rt>*A 1 x O y ^©^OS i T^r/^ r A 1 jp^. 

t*S i »>^/n— 1 0~ 8 P a J^TfeS^MiET^feV^Ts 

&xt& 0 t£&, m^t>fiZ>&m^ Jr^b tttt, ibl^^l 

20 V^I"Cfc5 G a f if§ ^ i tV\ 

r. it\ si mmmmz.Mf&&th%A lmn, mb Kmxmt^m, 

(Chemical Vapor Deposition : £*T\ CVDi^9o) 

BEfeXltCVD»Mj;MOCVD^j;oT^§|l5^i:T\ 
25 0^S^4T^^0J^^t5 ^^^^tfe^^S^^-t?fcS 0 All© 



7 



WO 03/054945 



PCT/JP02/12919 



SWiT^J¥^M^^nT|g-cfe^^i6, JH2jf £>A 1 iSffi^O-f 

5 si^x/^sititAiiMu & fete % atria a 

©eSIS-t^HtrlE S i 7W7^i©^^'^!J ^i-J: *> jWlEA 1 
15 JSO— Spm A 1 x O y S:£j£$iirfc8U S i ^ ^~£«fS£HJ£tt 

ii. s ir^7 7 ^i, aijs&^s i aetg©— sps:^* 



8 



WO 03/054945 



PCT/JP02/12919 



5 itiaot, striBA i x o y JS<D— n%*'*v# v >-^u iM x o 
g&teflnMiPi-s raaot, *rsnr—?'—y-4 x<oW&W&to&xf- 

tf*> Mx.!l6X10 16 (fe/cm 2 ) £A±"CaEA-f-S„ :Waot, 
15 ^Sr-fiE*^j5K-rsr:ii&ST?fr5 0 rwfcft, S i ^i^-i»B 

20 tufas i T^)v?T^(om-^*W^%>z-k\^ iot, itrfaAiJi 

(DA l jS— <DO^^>-<DfcMA%fflmir%z.b&-V%, A lifffit 
25 M$H5A 1 x O y Jf O^^MP-rs r. t^tBi:^5„ 



9 



WO 03/054945 



PCT/JP02/12919 



striBs i x o y sit>*A i x o y fcgm$tis^©^#$s.t>*tfnaK^-f 

10 ^^{cl^^^S i x O y RX^A 1 x O y ©^$tl5^#^»t 

««® tej&ffr mttxma g \c mm-r &Z.b& rTIBt? *> ^ 
v s i t?^ss—mmmm%, *#m* ^^M^v^tu^g^^ox 

20 M J f-S^{il?cD^c-/^>'^^pX|gi : ^ V) n S i !>x/N-itgllfc 
fit * — > «r g # izMfc-t Si^mSo 

25 2fctmfa#3t#oiifE£ ^IB i:t5 0 



10 



WO 03/054945 



PCT/JP02/12919 



mi is ft ^mw^mz^ Jr^^— j^wmm^mcommnmm^ 

* yftAi © pS £: K 7 4 ^ v ^ ^ ^ L fc*^ <D ®r StSU 

fb^V^11^i-|Il-?£,3 0 mi lilt ^^^>-^^#v^^© 
25 WtyaXt) ^M^5^*B(DAFMffe$r^i-[2I-efe§ 0 Jill 



11 



WO 03/054945 



PCT/JP02/12919 



5 

ilgm^ 1 fas i a A s 3rat?G a x I n^.A s y P, 

*Rji:U^W^*»W^fe^S*ift{bilJiSr^fiSc-e#5A 1 ^A 1 
A s <£r£frG a X A 1 s ^^^©IWiYi^t 3(4r 

©Yl20t®tMBE)'^CVD»^fiMOCVD^t < l: 5 

J&f$X*% s V^Mi:457^77^Sif, GaAsf, In 
Asflr^G a , I ni _ x A s y P x _ y S^^a#)|SfZJl-C^5 0 4 

far<DZS3^^®tg^^^$tixv^ S i o 2 -^a s 2 o 3 ^©* 



12 



WO 03/054945 



PCT/JP02/12919 



1\ Si, Si C4\ G a A s Sr^tf G a x I n^.A s y P a _ y S«X 
l»MBE^CVD^}a!)flEi©S^M^fcA 1 -^A 
lAs^trG a X A 1 a _ x A s y P x _ y f©HiWYl 2 , &t>*T^E- 
5 /V77^Sii, GaAsi^InAsf^tfGa^n^As, 
P ^^^©i^Zl 3 tSltS. ^rbT, ZI3©»SI 
fc?f^$^-CV>5 S i 0 2 ^A s 2 0 3 ^CD^ffiS^^'f^4 grl^i^ 

5 /xm^Ts 0* b< UO. 3 mi£AT> JE^0* b< 0 . 1 /z m 

5 £j^^b< f»*#tf£C>T^M-bT, *Mg^{blK4^-r 
i0 2 , As 2 0 3 f©ttttts fcSaA*J^T^mb^^^bfc 

15 (miin(a)#^) 0 -tb-Cs ^jr-c^s (DmAAfo&wtzm 3<7> 

m^m-c^, Yi2(DSffiHA 1 2 o 3 m<Dmitm y 5 s 7 

6 (mi in (b) #j$) 0 rtt^^#^^^^^M>fbjmz'S6^ 

20 N ^bJHY'ji 7 xteffiMmitmz'm 6^1/10 <d^# £ -e 

i^Ky^xyfy ^ u mmmitm z'mq ^um^m Y'jg 7 \c 
mmznrc&frskK&mix-rz (^20 (b) #po s^xicd 



13 



WO 03/054945 



PCT/JP02/12919 



^^km4^A^tLS-r^-^K-X*(± % H4BI (b) (^ti5 

^■^If— A 5 CO^f J*&<D 2/3 ~ 1 / 2 c7)ic^(D^©^N°^ — 

10 ^^PX-r^nir^pI^^TiSo 

20 Vi/^pJlg^ LTV^ C 

Mi^J?^-?, fcti«10- s Pa V-i/l— <D#N^iL 5 0 0-6 0 

0°C^? 1 o~ 6 ~ l o- 5 P a <Dj>f*ftJ±-x:(D^y7-*r^ htfxcDmMz. 



14 



WO 03/054945 



PCT/JP02/12919 



*ffii^SMbK4^ rwr^s i IS. G a A s 

S^I nAsI^ttfGa, I n a _ x A s y P 1 - y m*£<Dte&ftt'&Z B 3 
„ A 1 S^A 1 A s Jg&^-tP G a x A 1 !_ x A s y P ^Ji^Wi 

5 Yi2 ^gfi-i^(^^y^t5 n ^*s-5riBT?Jfe*ftfe^ 

Ga^^-yoaAtiotM^tl5ft^l'SS5feS i 0 2 , Ga 2 

o 3 N A l 2 o 3 <z>8MMBfefl4R z'16 XT*BWb«lY'Ji 7^F7^^^f 
^^(D-^X? b bT> iST*^ Mt-e»-i-^<^*at^^S?i. J t4 

10 ill (a) ft ^S^^V5^fc£Bff^fi&A£fb> ^i^fife 

teas 4 <d —$B m (D mitm z'm& fFj&& zntc & & b x v ^ 5 

o 

%m^xmMM^~Z\ MfLttl 0' 8 Pa w</w^#NafL 5 0 0 
15 ~ 6 0 0°C-ei 0 -6 ~l 0 _5 P a ©^^M-e(Dx5/f t^b^© 

ymSifSriiaot, 120 (a) ^*i~«t5^, Sife 
GaAs^I nAs Sr-grtPG a x I n X _ X A s y P j.yfCSS 
Xl», »fiffl&fctitZ'£ 6 ^«m^tLfe§P^-^abfc(Oi^^PX 
20 -fZ>z.k&*imkteZ> 0 

110 (b) J3: N ^l^^y5«j9EAt* s 4)53f!£oaAl^ 
tf^icov^7FtT^5 0 $11 (b) &m^(Jr^ 
25 5 CD A*tf* *> 5 Ff 3£<E>$£ A* & j& it « a&fiUHHblg Z '® 6 f± ^ ^ y 



15 



WO 03/054945 



PCT/JP02/12919 



BSY'Ji7«S^S*L« 0 Al, AlAs^tfftlMY 

5 l2©SEM$ti5MY'i7(l ii#?|-Zl3 0^ia 

^^^^2® (b) \^-r 0 ^5/^^^^/>^v^^ N 
-r^-^fftAfI^8{i N T^/^r^-fb^tu ^ty^AL■c^^£V^ 

^ ^ ^ ^- &tr 5 ^ . ntbt immitm zie ;&t>*ii{tjiii y'h 7 w 
15 dWft^Mix 1 $zm^misthz> 0 

^v?->Jf%fto I3@ (b) ^^i"J: 5 fc:. A 1 2 0 
ill (c) ^i-J;?^ ^ffig^teJUU^;* £>^« 

20 MlMfc§|Z'Jf 6 fcLB&LTV^ MlJBt"^ Z 'jg 6 ^g^^ ^3 



16 



WO 03/054945 



PCT/JP02/12919 



(c) m^i-j; 5 t s mimY'm7*$ftsx^^y^>sft£ti, mm 
x i _b^a^w^^tLS 0 

5 &A^3^ll^:/5*&:it4>LTV^ ^ fgl|3 (d) 

y^^^n. mi ommt$fa% 0 ^(Dmm.xi<Dmm^, mmmm 
io ^3:s^&tt^^^>'^^^^fflv^T®i«*^q : '-c\ tz.kx.tei o~ 8 p a 

l/^/l^O^^C^ 5 0 0~6 0 0°CT? 1 0" 6 ~ 1 0 _S P a (DiS^ft 

ara^nx-f-^^i:^7?#2. (M2m id) #,^) 0 a-y^v 

15 ^M#<f5ii:(c]:ot, 130 (d) |DTfJ;5^ tfclY' 
£ aA-f-5^JR>r^-V5SSr*i"^b , rv>< i N US (e) 

T\ fc i: zLi~£ 1 0 ~ 3 P a V^/Ix— C9#^f^ s 5 0 0 ~ 6 0 0 °Ct 10" 
25 6 ~1 0~ S P a ©^/^^BE^tDai^^^^ b^cD^Al-J: ^ K^-f^ 



17 



WO 03/054945 



PCT/JP02/12919 



*pisi#gjc£:-T?«jiVNSt i o w-t-6&«£r#nx-r& - £ */t 

„ xyfy^IS:#<t«ri:H±oT> 0 3 HI (e) WiM^ 
5 , BftfblftY'Ji 7*fP5>K^*S^y^^^*H, £*£X 1 ±\zm 1 0 «r*T 

r.<E><fc 5 fc % S i ^SVMtGaAs^I nAs £r^t?G a x I n a _ x 
As^^^OllfflOiSXlSH, All, AlAsSSrttf 
G a x A 1 A s y P : _ y If ©iiWYfWG a A s I nAs 
10 ^tfG a x I n A s y P ,_ y f ©iiWZll:ilt5 0 -t UT 
\ -OM^W-^ZJlO^S^g^^^^^TV^A s 2 O 3 ^C0«S 

15 oTA 1 Jg-^A 1 A s JgSrg-tpG a X A 1 X _ X A s y P ^yS^&S&f 

25 A l m-^A l A sl^G a x A 1 X _ X A s y P x _ y /l#<D3ffi 

TO*4Y®i:. T-=E-/K7r* S i 1, GaAsl^InAsgm 



18 



WO 03/054945 



PCT/JP02/12919 



Ga x I n 1 _ x As y P 1 _ y S#©«^zS^ji$^-CV^^fcfe, 

3 5Jc5n©EK^^ — oh IT, M^f^ 13 
tPtS-i:^ S?6|U (a) 7!/2g ( c ) 5 fc'^—l'OJgJ* 



10 ^SpTIBirJfcS. 

15 fc^A-t-S-f^-^fi, G a-f ^-^^PS^^tb^%(DT?{i^< s -ftb,^ 
tfeS 0 111 IHteff l oBi 19 ^^^^^a^)#V^<D^r^UTV^ 



19 



WO 03/054945 



PCT/JP02/12919 



fS8 0^d3V^tx 2 1 fits i 36te*tffc *) > 2 2{±Si^cc 

^— S=&2 l»MBEjfeXttCVD»MiMOCVDita!J 
^JG^^tLfcA 1 S£^L. 2 3 I1A 1|22 ©SffiCMB E^XBC 
5 VD»>liMOC VD}fe(a DJ^fife^^feS iTWr^itlfe 
*) s 2 4ttS i T^E/V^r^S 2 3 0^®mi^l^^^^tV^6 S 

i o 2 ^©*K£&Bfe{b0tT?*>»3 >■ 2 5 ftv^^lr^u 2 eri^JR-^ 

15 ^IIM^M^&V^Tft, tf, S i V^^~-W8L2 lSEI'MB 
EjSfe^fcteCVD^J: t)ffig:©J53*H:A 112 2Sr^i-5 0 

A1I22 <7)Sffi^ S i T=tJV7 r KB 2 3 £rff g^So * b~C. * 

®*ffimg&teB^fe3*i/o<»J5 s i o 2 m<D%mummkm2 

20 tbfc-v^^ 2 5 SrlSJSL^ I^tf "CG a ^ t^lf-A 2 6 Sr^^^ 2 

25 G a ^ t y tf-A 2 6 (D&A t i *@ 2 4 ffc^ 

ttteS£fcBMt*-c*>5s i o 2 S2 7«S^5$tb« 0 ^LT, S i o 



20 



WO 03/054945 



PCT/JP02/12919 



2 M 2 7©0^t^S i m7r^l2 3F*9£H£»LS i 
T*m 2 3 ^^^-^|5A^3 2$mj&i5tlZ> 0 G a^fty 

lf-i» 2 6<D&A&&M1}\liSl£Z> S i 0 2 S 2 7 <DO-f ^- >(DBm 
> XfiS iOj2 7WS i T^r/l^r^Jg 2 3©^^y^ JJ V^lc 
5 <£ ^ ro^^-V-ftA^^S 2(DO^t^A 1 M 2 2^®^^IJili-6 
o ^LT, A 1 12 2»gf $tlttfc0^ftyiaotA 1 2 0 
3 J12 8^/5££*L3 0 i<D^#^J^^^S i OJ2 7MA1 2 0 

B9 8 jH^-r^^ 2 5 ^^ofcG a -T^-^t*— A 2 6 <£)&A 

10 (^f^^^^^ 2 5 ^ffiti? I^^T-G a 4 ^^(OMM^ if— 

A 2 9 ^^AUfc^B^r*i- 0 ^©H#G a 4 Jt^cdM^ ^ if — A 
2 9lt (a) W^Ai^6X10 13 (fi/cm 2 ), (b) fit 6 
X10 15 (flg/cm 2 ), (c) [46X10 16 (f@/cm 2 X (d) 
(e) tt6X10 17 «@/cm 2 ) l?fc5 0 f 9@ (e) 

15 2 5 SriiiiUTHE^G a -Y ^i/fcT— A 2 6 (DmM&^tffcMm 

20 ■oTV^5ri^LV^ 0 ^f C> -(DGa^a-l/CDMM^a-^tf-J* 
9 fif— A3fc£«R^£r LTV^ 0 ^<7>fc£K 31® i £»ffcJBI 2 4 ± 
^3SS-e^Si-5 £ s #gB#T? N 4 Jr^ \f— A^g/£ 9 5 

3^ ^v&Aftte, g a -f^-vco^^^-^^— A 2 9<7)i£>M#3fi: 



21 



WO 03/054945 



PCT/JP02/12919 



<ft9s ^(Dmm-is WM-t^MM^ ^r^^-^(0 2/ 3-1/2 

^-V.D^^'l'^-^-tf— A 9 ©^f^-^tr— J*&(D 2/3~ 1 /2<D;fc£ 
5 G a -ft^ft^ t'-^ 2 9 ^I^«LTs MSt 

^^^^^bf-5^ijm^s i o 2 2 7 ^em^s (is 9 mmm) 

o f LT, G a ^ty©I$Ytyk-i^ 2 9^Aii S i 
-7t^M 2 3 ©g^iaot, S i 0 2 2 7 OO^ty(CiotS i T 

10 W/^12 3^G a-t'^-V^^A^nfc-r^-^ftAli^S 2 ^7?0 
$c£*L5 0 ; ett$?)tGa^ty©I^tyt'-A2 9WftAi 
S i 0 2 2 7 <D04 ^-^^^L(D4 ^-^mAm^S 2 &m 
T A 1 J12 2fcte«U XfiS i 7^7 7^12 3^^/^vy^ ]) y 
A1J|2 2^^$^,^ A 1 2 0 3 ®2 8<Djz%£j)mi®£fc 

15 S (fl9 0#$O o rwj^^^S i0 2 l2 7^Al 2 0 3 f2 
8 ft. K9>f^y^^^<D-r^^O«*ffSrm*:-t-c A 1 2 0 3 

12 8Wt>fXfiS i Oj2 7^1/1 0(D±% ^Tr&Sfcfe, jftH 

^tiDS^I-IILt^ K7^^yfy^LS i0 2 |27iAl 2 
20 0 8 »2 8t31flBfe$tLfcaj^^SrB^*-t-5 (I3 0« h Si-) 



22 



WO 03/054945 



PCT/JP02/12919 



® t± # t> $> x 5pfflft<D si ^ t> <d & 3 „ -f-^fc^. t^^-e^ta^ 

□ ~ <?>fc#>, Si 1 |g^<^*®» (100), (110), (11 

i) (D\,^Tn<D'mxibm$imz.£ h-r—mm^x(D^y^^^i)^m 

Si^ft^ , t I -e\ fctitfl 0" 8 Pa 5 0 0 ~ 6 0 

o°c~e i o -6 ~ i o -5 p a (D-fi^ftfcxcD^-y^*?^ yu^<D^x\^ 

t ttfc B i F 3 XteX e F 2 1)^(DiXm&Sf£h(D b Lti^^tlS 

mi om^ }?94^y^>'?iz-£<9mffi&mmikm2 4 1 s i 

)V7 7^123, A 1 m 2 2 XtM ^-^«Af^ 3 2 <9 8&V^cil£ 
H-efcl9. S i !7^-ffi&2 1 ±.(Dmi£<Dmffi\^ S i O a JS2 7 tA 

i 2 o 3 jb2 8^^^^fc^^^i- 0 ii nn^m o@© k^-t 
20 ^>>^>-^^iE^iis6fc^^^b, ^(D-m-s-ns i ^^-n-»i2 

1 CO $J5^S^c -y^l/JZti ilTA 1 2 0 3 J1 28iSi ^^^^-^^2 1 

II OlSI^V^ Ate^;*^ Sraiifl bfc-f iotA 1 2 0 3 
J12 8^^$^c^co-e$>i9x SiJit^^-v^r^Ai-Sr „ K 
25 7>T ^y^>^&fTofcgB#-e;fc>5 0 iot, Iff 1 0 HXt^SB 



23 



WO 03/054945 



PCT/JP02/12919 



Hi lBfciasttS a~dgpte, fua&bfcJ;?^ -ftf-^ 

1 O0M 1 1 0^*5 #5 eg|$Ji, -^^^Sriiifibfe^^-V^io 
5 TA 1 2 O a S 2 8^^^tLfc$p^^$ bJn^vSrSfeAUfcfco-e 

^^^^•e^^^fcfi^C^^^bTV^o bgpteu S i 
10 7 7 ^2 3 tCG a ^>^&A£^^^^{*Ai?M«3 2 5$>^J&£ 
fh, O^ty^Al 2 0 3 l2 8^M$-tT, S i0 2 f2 7©^-L^ 

:&^i®#£:&*9 . ^^->-^J;o-CSffi^?f^$^fcA l 2 0 3 i28© 

15 <^>^^:$|3^^i|iSJ[2:^?t 3 0 ^J&£tLTV^ t><D£r^ bTV^o 

fc^^-:/&A»^< s Si !>^^^-^2 1 «B&fc. 
^/^y^yy^iaotJDI§^ iHJ£<Dti:3 3^7M£*i,TV^ i> 

^^jt56fc^^bT*3«9 N agpte^^V^J: >9, SiO a JB2 
20 7, M^©T©S i T^/^^T^S 2 3 £ A 1 Jg 2 2 U A 

1 2 0 3 «2 8^affi^#Ufc»^^ 0 ^-^5^$^fc 0 

25 £jR-Lfc Steffi-*-- i^Bj|g^^§ o 

$ mm&i$m4kj&2 4^s i t^j^t *m 23, a 1 m 2 



24 



WO 03/054945 



PCT/JP02/12919 



s i T• : E•^^r^)S©^®^S^^^^nTV^5 s i o 2 
10 A 1 m&mzA 1 2 O 8 «r^-f-5ilfc^-Hr|BtJ&« 0 ^UT, t^Ai" 

Ga^^-^ABt^Bff^IU^^-Vt^S «fc i 17*^-S 

15 ^*M£-f V tf — A ^ \z. «t 5 RBJfr i: -v-^ ^ fit bt?Ojgfpf 



25 



WO 03/054945 



PCT/JP02/12919 



TG a x I n ^.A s y P ^JifS i H ^fc. S i !>xA 

SkJi<D&0\ZL^ S i !> x/N-li^Stig$ JltV>5 A 1 fXt)« 

^^S^j&vMk:^^^*-^^^ fcfc* s i o 2 -^a 1 2 o 3 ©M& 

m^m, tnjff^^>r^ n-^v— nostras 

20 ill 2HUi % A&mte^b*SJ:5^*Mi-3-£te:J: 
oTA 1 i^ttS-f ^ K-Xtt:iit5 i t ^tt, S il 

m^mz&uxnwMmr&x^ t it, s i mm&mom* 
mtimmm (sit, afmh^o) m.^-t a ^120 ( a ) 

25 fct©, ^1 20 (b) ii, S iW7 7^1C»J|^^12@ 



26 



WO 03/054945 



PCT/JP02/12919 



(mum i ) 

&W&tft&WlX t L-X S i ^£r^V\ S i SitffiCMB EifeK: 
iotiWlYlt LTJ¥£ 3 nmtf)A 1 A slh M#^-ZS 
t LTJ¥$ 3 0 nm©G a A sSMt5 0 f LT, GaAsfS 
10 ®&Cg|&^J&£tlTV^A s 2 0 3 #<Z>*ffii^fblH(Z)«B^[p]o 
T^ftyif- A^£r 0 . 1 m mCSofeG a^ty^S^^-ee X 1 
0 16 fi/cm 2 , 0 k V-trBfttUT, tII«f»Ga 

-^^ftAi-So Ga^yftAi^ il«imm io- 

8 P a U^U^jpM.^ 5 0 0 — 6 0 0°CX 1 0~ 6 ~1 0 " 5 P a 
15 XftmX*(DA s B r 3 ^^^A LTx ^^^^^rfrp □ 

^1 3|H (a) fc N ^©«®©AFMt^f 0 |130 (a) K 

20 (nas^ 2 ) 

ttWlilRl«ia^ Ga^^&ALfc^ SKAsBr 3 ^ 
mi 30 (b) ^ ^©ii©AFMi^Tf 0 ^1 3B (b) K 



27 



WO 03/054945 



PCT/JP02/12919 



(2*16013) 

MmunmRx t ltg a a 8 mm&m^, g a a s s^sbs^m 

B ESfc ± oTi*W-»Yl i: Lt*§ 3 0 nmtf>A 1 A sfh $S 
flMWZjgi: LTf$ 3 0 0 nm(DG a A si^f§ 0 ^ LT. 

©S®^|R]o-C-f ^"Vtf— A#£rO. 1 ^ m^J&ofcG a -Y^^Sr^ 
^cfj-C6 X 1 0 16 m/cm 2 , 0 k VXMH\^X, ^ffig^ 

KfiU 10- 8 Pa^;M^fl 5 0 0~6 0 0ttl0" 6 ~l 
10 0" 5 Pa O^^BETOA s B r 3 ^f^ £i*A Lt^ y ^V^'&fr 5 0 
^1 30 (c) m % ^(Dmffi^AFMigL&TrfTo Hi 3 HI (c) 

G a A s AsBrs^Ciotxyfy 
^'£;ft&/^ofcG a ^^-^^^A$tLT*®^flI^G a 2 0 3 I^I^ 

15 (HJSM4) 

Ga^fty©ftAM6 X 1 0 17 |/cm 2 i:U BSIt Lifc&^'k H 

il3@ (d) ^ ^©t®©AFMftlr/Tt„ ^13g (d) 
20 ^i~J;5^. GaAsSt»ft s ^ifc&Wbfcifbtfc©^* — V 



28 



WO 03/054945 



PCT/JP02/12919 



S i Stg^ffi^MB E^fet31<to-CJ?:$ 2 0 nm<Z)A 1 ii, J¥£ 3 
15 0nm©S i7^77^iMt5 n ^Lt, S i7^7 7^ 
. B*ffifc:£&fcJl2j£&*i/cv^s i o 2 «£©*BSi^BMb«©*ffite^i 

V^^tLfc^^^^rL I GACiStflU S i C(D#^ll«5#lt 
X&.<Dnfflfc<0'**# t UTS i S^±.^^gbT-^^=3f ^SrfTV^ 
20 Ga^ty|f6X10 15 (4B/c m 2 K #P3Sff;J± 3 O k Vtv't 

c < ^tfi-c 6 x i o 1 5 -f@/ cm 2 , jn5£®E 3 0k v-efiSIt tt, 

25 ^SHtetSfg U 1 0 - 8 P a k^/^tlf, 6 0 0 — 7 0 0 °CT 1 
0 _6 ~ 10" 5 Pa <DtfXfr]£~?<DB i F,^^ALTiyf^^ 



29 



WO 03/054945 



PCT/JP02/12919 



m 1 4HiclS i >)xA-lfSB(DAFMt^*t 0 m 1 4 0^ 

5 MM^»llli:s i ^x^IM(«t5r^^ 

20 



30 



WO 03/054945 



PCT/JP02/12919 



m * <o m m 
urn- z s ufcgu mm z b&mu: i § fix v^ g 

10 IZ'g^&lDO^t^SWZl©^^?'^ 1) ^^J^ftfSEY 

Hfriasstf isMftR z 'jpxtrfiwasMbjRY'jB tit l r^^u^mmm 

#J1 ^ i?x h <D4 Hrv tr- Afcfcffltfrax^iSu 

3. tifia^M-r^-vo^AS^J^i^-S r t^«toXH&IBYM*Mt- 
5 . WfaSJ^tt^ y^-W^^Z.^ AsBr, AsBr 2N A s B r 3 



31 



WO 03/054945 



PCT/JP02/12919 



6. S i ^cc/N^-IStgtA li^f^U $ SfTlBA 1 Jl* 

®ts i r^/v^ T ^ji^^bfcm, sfrias irwr^lti 

10 ms i ,O y ^bOO^ ^^^felf&tWiBS i 7*^7 7^1©^^ 

s i v^^-m%mm%:&jfc'{$i^yT>i7 f rf*fc x x>— gfii^x* 

7. Si^x^SI»Al|«U Sfe^flfiBAlJi* 
ffijcs i7^7 7^I*^Ufc^ tufas iT^7^^T^S*ffi 

25 ^>r^-^©fT*>j&**Srit4U tfrlBtWHIMfcilS i x O y ^b©CM 



32 



WO 03/054945 



PCT/JP02/12919 



jfcte^s^v^tf^fcj; j^^WiT K7>f ^-y^^^u stria 

gUffifl^kBIS i x O y K.t*A 1 x O y ^gmL^c§|3^^iulE»ffi@^ 
SHfcJlfl, S i T^7V~7 T A lf^0S i ^rc'N — 

<k tJzoT. ftulBA 1 x o y i(D- SJJSr^^y^ U >-^U &A 

i x o y ^*— y^tc^iRfctwitt, ^frtjsasw*©^^ 

i ^ -e # § ft* cQtsa^ 7 gi ic|B«c cd«#S v z?x h <o 4 Hr-y if 

9. tufas i T^/^r^m^m^pm-i-^^. iiaot, swba 

15 1 S^fflfc^fSSfrSA 1 x O y o^:# ^ IrMUt^ 5tlt©f 6 

10. pflES i 7^7 7^S©J?^Srlillt5r £ lcJ:o-C, BtrfB 
7 QCtziiBttO&iR^Ji u v 5 -^ h Or is feT — AfBWHwiX^fc, 

20 ii. ffrtas i x o y ^:tj?Ai s o y ^eife$tLSlfP^<7)^:#$^t)«efrfB 

K7>Txs/fy^ J; S^fei 3 r i: ioTitufBS i 

25 i2. s&BEs i x o y R^A i x o 7 i<cwm£nzi%ft<DX%£RTfmm 



33 



WO 03/054945 



PCT/JP02/12919 



1 3. BUfBK^tt^^^-^^if^^. B i F 3 XliX e F 2 ^fflV^Sff 

1 4. ftfffBK^tt^^^;^^ B i F 3 X«Xe F 2 &/BV^Bff 

10 15. If^O^ia^lTOM^l 4^©V>T^^W^^«t <9 »f^§ 

1 6. If^cDiSfflf? 13175SB1 4 35(©V^tt*^^tfe^«tUl*f^$ 



34 



WO 03/054945 



PCT/JP02/12919 



US its 



(a) (b) (c) (d) (e) 




7 8 7 8 



f 21 



(a) (b) (c) (d) (e) 




1/10 



WO 03/054945 PCT/JP02/12919 



I3i 



(a) (b) (c) (d) (e) 



10 




(a ) 




(b ) 




2/10 



WO 03/054945 



PCT/JP02/12919 



I5@ 




3/1 0 



WO 03/054945 

mm 



PCT/JP02/12919 



4 3ri/ K-Xi 

a Beam@ 




^ f£g 



etching 




4/1 0 




5/1 0 



WO 03/054945 



PCT/JP02/12919 




.6/1 0 



WO 03/054945 



PCT/JP02/12919 




7/10 



WO 03/054945 



PCT/JP02/12919 



mi 2m 



(a) (b) 




8 / i 0 



WO 03/054945 



PCT/JP02/12919 



SSi 3H 



(a) (c) 




9/1 0 



WO 03/054945 



PCT/JP02/12919 



»15H 




10/10 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/12919 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H01L21/302 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L21/302 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



EP 476801 A (MITSUBISHI DENKI KABUSHIKI KAISHA) , 

25 March, 1992 (25.03.92), 

Column 2, line 56 to column 13, line 22 

& JP 04-130613 A 

JP 06-310491 A (NEC Corp.), 
04 November, 1994 (04.11.94), 
Par. Nos. [0007] to [0016] 
(Family: none) 

JP 61-246632 A (MITSUBISHI DENKI KABUSHIKI KAISHA), 
14 November, 1986 (14.11.86), 

Page 2, upper right column, line 17 to page 3, 
upper left column, line 3 
(Family: none) 



1-18 



1-18 



1-18 



[ [ Further documents are listed in the continuation of Box C. See patent family annex. 



* Special categories of cited documents: "T" 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing "X" 

date 

"V document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
10 March, 2003 (10.03.03) 


Date of mailing of the international search report 
25 March, 2003 (25.03.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



Hl^fctSiS*^- PCT/JP0 2/1 2 9 1 9 



a. Bm'nmrs&xv&m (hrhw^p (ipo ) 

Int.Cl.' H01L21/302 



paE*ffofcft/MRWS|- (H8S<teffF#* (IPC) ) 

Int. CI.' HO 1 L 2 1/3 0 2 



B#B£gfll3W2fe4M* 1 9 2 2- 1 9 9.6¥ 

B*S<kM*|g*TlS<2Mf 1 9 7 1-2003^ 

0#H»»gS/H*f3fe4M* 1 9 94-2003f 

.0*fflHfflSf^#<^# 1 9 9 6-2003^ 



e. 



3liB:£iSc<£> 



EP 476801 A (MITSUBISHI DENKI KABUSHIKIGAISHA) 
1992.03.25 W 2MM5m~ / mi3WM22ft & JP 04-130613 A 



A 



A 



JP 06-310491 A ( B *1 



t&tfcs^fcfc) 1994.11.04 



JP 61-246632 A(£ti«^t) 1986. 11. 14 
% 2 H;fr_Lfflf&17?T ~m 3 J€£±flllSfS 3 fr 



1-18 



1-18 



1-18 



rpj srattw autre, **o««o^»o»asift5Bun 



rxj #}cH5*»fe5 
tyj #{cB85t«>ib5 



SS£#fc: t ox a 9Jt?fcSSl&^*lz: 
^v^#if>n3 few 
r 5 y -3ctt 



HUBERT 1/fcB. 



10.03.03 



!5. 03.03 



B*H<ftfW (ISA/JP) 
100-8915 



4R 



9 0 5 5 



lfg## 03-3581-1101 fti 



6 3 7 6 



IAPCT/ISA/210 (»2^-t?) (1 9 9 8*7^) 



